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email: asf7@duke.edu; phone 919 672 0103; fax 252 504 7648 24 ABSTRACT: For closely related sympatric species to coexist, they must differ to some 26 degree in their ecological requirements or niches (e.g., diets) to avoid inter-specific 27 competition. Baleen whales in the Antarctic feed primarily on krill, and the large 28 sympatric pre-whaling community suggests resource partitioning among these species or 29 a non-limiting prey resource. In order to examine ecological differences between 30 sympatric humpback and minke whales around the Western Antarctic Peninsula, we 31 made measurements of the physical environment, observations of whale distribution, and 32 concurrent acoustic measurements of krill aggregations. Mantel's tests and Classification 33
and regression tree models indicate both similarities and differences in the spatial 34 associations between humpback and minke whales, environmental features, and prey. 35
The data suggest (1) similarities (proximity to shore) and differences (prey abundance 36 versus deep water temperatures) in horizontal spatial distribution patterns, (2) 37 unambiguous vertical resource partitioning with minke whales associating with deeper 38 krill aggregations across a range of spatial scales, and (3) that interference competition 39 between these two species is unlikely. These results add to the paucity of ecological 40 knowledge relating baleen whales and their prey in the Antarctic and should be 41 considered in conservation and management efforts for Southern Ocean cetaceans and 42 ecosystems. types (e.g., age class of common prey item), as well as foraging on prey patches of 73 similar characteristics (e.g., patch depth, size, etc.) Although the potential for some direct 74 competition may exist, the influence of any such interaction on depleted and recovering 75 whale populations in the Antarctic is difficult to assess, given the paucity of appropriate 76 data for analysis (Clapham and Brownell 1996) . 77
Nonetheless, Clapham and Brownell (1996) The goal of the present study was to examine ecological differences between 107 sympatric humpback and minke whales in the inner shelf waters of the WAP. We used 108 spatially explicit techniques to characterize and compare the distribution of each whale 109 2006). All environmental variables and their sampling methodologies are found in Table  119 1. Hydrographic data were collected continuously and at predetermined sampling 120 stations covering the continental shelf and inshore regions (Klinck et al. 2004 Zwally et al. (1983) . 124
All environmental variable data were imported into ArcGIS 9.1 and interpolated 125 using an inverse distance-weighted function to create continuous surfaces (rasters) from 126 which to sample. Similarly, Euclidean distance surfaces were generated for a set of 127 environmental features including distance to the inner shelf water boundary, distance to 128 areas of increased bathymetric slope (>15% of change in depth from shallowest to 129 deepest point within a grid cell), distance to the ice edge, and distance to the coast. Sensitivity and noise problems associated with the 43 kHz system resulted in 154 some ambiguity in whether those acoustically-detected aggregations that were the 155 minimum size that could be resolved by the system were comprised of krill or more 156 weakly scattering zooplankton such as copepods. We therefore excluded such 157 aggregations from the analysis. Although these small aggregations were numerous, each 158 was of very small biomass and filtering them from the dataset still retained most of the 159 total biomass present (see Lawson et al. 2008A ,B for further details). 160
We used Mantel's tests to explore which environmental features contributed to 161 the observed distribution patterns of humpback and minke whales. Mantel's tests 162 combine multiple linear regressions applied to distance (dissimilarity) matrices generatedfrom spatially referenced sample locations. These tests allowed us to determine which 164 variables best explained species distributions once their confounding mutual correlations 165 and spatial structure were accounted for (Mantel 1967 We ran classification trees using whale species as the predictor variable, and 182 medians of the krill aggregation metrics (depth, area, mean krill length, mean numerical 183 density, mean biomass density) for all aggregations within 5 km of each whale sighting 184 as response variables. We chose a minimum of 5 observations before splits, and a 185 minimum node size of 10 observations. We then used an optimal recursive shrinking In an effort to understand whether whales were responding to differences in the 194 vertical distribution of krill aggregations, or whether the krill were responding to whale 195 predation, we also compared the frequency distribution of the depth of krill aggregations 196 in the presence and absence of whales. We then ran a Kruskal-Wallace non-parametric 197 analysis to test whether the frequency distribution differed between the two groups. 198
199

RESULTS
200
We found significant spatial relationships between humpback and minke whales 201 and several environmental variables (Table 2) aggregations associated with these sightings are shown in Table 3 . 215
Krill aggregations of highest biomass were associated with regions close to land 216 where bathymetry was highly variable and waters at depth were cooler than what was 217 available over the continental shelf as a whole (Figure 1 ; Lawson et al. 2008B) . In a 218 vertical sense, the distribution of krill aggregations was bimodal, with one mode at depths 219 shallower than ca. 75 meters and one at greater depths. This bimodality was evident both 220 when whales (minke and humpback whales combined) were present and absent ( Figure  221 2) , although the distributions differed significantly in the presence versus absence of 222 whales (p=0.0007, Kruskal-Wallace rank sum test). 223
The median depth of krill aggregations associated with minke whales was 224 significantly greater than those associated with humpbacks (p= 0.001, Kruskal-Wallace 225 rank sum test) across a range of spatial scales (500, 1000, 2500, and 5000 meters; Figure  226 3). The absolute difference in median depth between the two species was 28 meters (118 227 vs. 90 meters) at the greatest spatial extent measured. This difference increased with 228 proximity to the sightings up to 81 meters (135 vs. 54 meters) at a 500 meters sampling 229 radius. We also found no significant difference (p=0.72) between the median aggregationdepths associated with minke whales when humpback whales were also present versus 231 when they were sighted alone (127 meters, stdev = 45 versus 124 meters, stdev = 86). 232
Tree models indicated a fundamental difference in the depth of krill aggregations 233 associated with humpback and minke whales. Using all the available aggregation 234 metrics, the primary node showed only minke whales associated with aggregations of 235 median depth greater than 133 meters (Figure 4a) . All of the humpback whales, and one 236 of the minke whales, were associated with aggregations of median depth shallower than 237 this. The second and only other split was again associated with depth, splitting the 238 humpbacks into two sub-groups, the deeper of which also included the one minke whale 239 not associated with the > 133 meters group resulting from the primary split. Only 240 humpback whales were found to associate with aggregations shallower than 104 meters. 241
Overall, this tree's misclassification rate was 0.05, with a residual mean deviance of 0. shape of the distribution remained constant. While we cannot unequivocally show that 263 the whales are responding to the krill's distribution and not the krill responding to one 264 whale species differently than the other, this similarity in depth distribution supports our 265 position that it is the former: humpback and minke whales partition resources vertically 266 in the water column. At close ranges (within 500 meters of a sighting), the two species 267 associate with prey aggregations separated vertically by nearly 100 meters. Separation 268 was accentuated with increasing proximity to the whale but was maintained at the 269 greatest spatial extent of our analysis (5000 meters). Thus, while these two species may 270 overlap in their horizontal distribution, they associate with prey aggregations in distinct 271 levels of the water column. 272
The primary (and only subsequent) split in the CART analysis, depth of krill 273 aggregations, may also be due at least in part to an association between minke whales and 274 large, dense krill aggregations. While there is tremendous variability in the krill 275 aggregation metrics, Table 3 indicates a greater range of aggregation areas and highermedian krill biomass density associated with minke whales than for humpback whales. polynyas also offer access to prey, minke whales would be able to forage continuously, 329 and thus may be released from the pressure to store energy for a long fasting period of 330 migration. The minke whales might thus be associated with these coastal regions during 331 our fall survey period in preparation for the arrival of winter ice cover. 332
Our findings suggest that resource partitioning exists amongst baleen whales in 333 the Antarctic marine ecosystem. This resource partitioning among humpback and minke 334 whales may have evolved before commercial exploitation diminished many whale 335 populations, and still exists today. Given the long life spans and generation times of 336 baleen whales, the mechanisms and forces which gave rise to such ecological conditions 337 would likely still be present today. 
